Introduction
============

Breast cancer is the most commonly diagnosed malignant tumor in women worldwide.[@b1-ott-11-2131] The nutritional status of cancer patients is an important factor influencing their prognosis. Previous studies have demonstrated that high levels of globulin (GLB), one of the major proteins in humans, were correlated with poor survival in patients with breast cancer and rectal cancer.[@b2-ott-11-2131],[@b3-ott-11-2131] By contrast, increased albumin (ALB) levels and ALB/GLB ratio (AGR) were independently associated with better outcomes in various cancers, including breast cancer, non-small-cell lung cancer, renal cell carcinoma, and laryngeal squamous cell carcinoma.[@b4-ott-11-2131]--[@b10-ott-11-2131] In addition, body mass index (BMI) has been suggested as a prognostic value for breast cancer, as patients with very high or low BMI have poor survival compared with normal- weight patients.[@b11-ott-11-2131],[@b12-ott-11-2131] Hemoglobin (Hb) also has prognostic relevance in breast and colorectal cancers.[@b4-ott-11-2131],[@b13-ott-11-2131] Prognostic nutritional index (PNI), which is calculated as 10 × serum ALB (g/dL) + 0.005 × total lymphocyte count (per mm^3^), has prognostic value in breast cancer.[@b14-ott-11-2131],[@b15-ott-11-2131]

The underlying mechanism explaining why nutritional status influences the prognosis of cancer patients has frequently been investigated with respect to immune-related factors. A previous study revealed that ALB could promote MHC II expression and consequently activate T lymphocytes.[@b5-ott-11-2131],[@b16-ott-11-2131],[@b17-ott-11-2131] GLB has been found to have a negative effect on immunity by inhibiting cell-mediated cytotoxicity and the function of natural killer (NK) cells.[@b18-ott-11-2131] In lean women, leptin levels are decreased, leading to the accumulation of regulatory T cells and macrophages that secrete anti-inflammatory molecules, including interleukin-4 (IL-4), interleukin-10 (IL-10), and transforming growth factor-β (TGF-β).[@b19-ott-11-2131],[@b20-ott-11-2131] By contrast, obese people have reduced number and function of NK cells, CD8^+^ T cells, CD4^+^ T cells, and dendritic cells.[@b21-ott-11-2131],[@b22-ott-11-2131]

However, the correlation between nutritional parameters and co-inhibitory and co-stimulatory molecules is unknown. Here, we investigated the association between nutritional factors and mRNA expression of programmed cell death protein 1 (PD-1), cluster of differentiation 28 (CD28), cytotoxic T-lymphocyte antigen-4 (CTLA-4), and cluster of differentiation 25 (CD25) in the peripheral blood of breast cancer patients. Nutritional parameters included GLB, ALB, AGR, total protein (TP), pre-ALB (PA), Hb, BMI, and PNI.

Patients and methods
====================

Patients and blood collection
-----------------------------

This study was approved by the Ethics Committee of the Affiliated Hospital of Academy of Military Medical Sciences. Patients and healthy volunteers provided written informed consent. One hundred and three breast cancer patients were enrolled in this study. All were admitted to the Affiliated Hospital of Academy of Military Medical Sciences between November 20, 2015, and March 14, 2016. We enrolled patients who had pathological malignant breast tumors. Exclusion criteria were as follows: patients with inflammatory breast cancer, other tumors, hematological disease, infection, inflammatory disease, liver disease or renal disease, or metabolic disease, and patients for whom no pretreatment blood samples were available. In addition, we included 21 age- and sex-matched healthy controls. Peripheral blood was collected from treatment-naïve patients and healthy controls.

We collected clinicopathological information for the 103 breast cancer patients from medical records. This included tumor pathology, age, tumor grade, tumor node metastasis (TNM) stage (seventh edition of the World Health Organization criteria),[@b23-ott-11-2131] tumor grade, estrogen receptor (ER) and progesterone receptor (PR) status (positive status was defined as \>10% positive invasive tumor nuclei), human epidermal growth factor receptor-2 (Her-2) status (positive when the immunohistochemistry score was 3+ or fluorescence in situ hybridization confirmed positivity), and Ki-67.

Nutritional parameters
----------------------

We chose GLB, ALB, AGR, TP, PA, Hb, BMI, and PNI as parameters to evaluate the nutritional status of breast cancer patients. These nutritional parameters were obtained from our clinical laboratory. According to the criteria of our clinical laboratory, cut-off values for GLB, ALB, AGR, TP, PA, and Hb levels were 30 g/L, 40 g/L, 1.5, 65 g/L, 200 mg/L, and 110 g/L, respectively. BMI was calculated as weight/ height^2^ (kg/m^2^) and categorized as high (BMI ≥25) and low (BMI \<25). PNI was calculated as 10 × serum ALB (g/dL) + 0.005 × total lymphocyte count (per mm^3^).

Experimental procedures for quantitative real-time PCR
------------------------------------------------------

Whole blood was mixed with red blood cell lysis solution and inverted. The mixture was centrifuged at 2,000 rpm for 5 min, and the cell pellet was kept at the bottom of the tube. These steps were repeated until the red blood cells were fully lysed. Then, we mixed the cells with 1 mL TRIzol and stored the mixture at −80°C before RNA extraction. RNA extraction and cDNA synthesis were performed as previously described.[@b24-ott-11-2131] Quantitative real-time PCR was performed to detect PD-1, CD28, CTLA-4, and CD25 mRNA. Forward and reverse primers for PD-1 were 5′-GGTGTGAGGCCATCCACAA-3′ and 5′-CCATTCTGTCGGAGCCTCTG-3′, respectively; those for CD28 were 5′-CGCAGTGGCTCATGCTTGTA-3′ and 5′-TCTCATGCCTCAGCCTCTTG-3′, respectively; those for CTLA-4 were 5′-GCTGACAGCCAGGTGACTGAA-3′ and 5′-TGAGCTCCACCTTGCAGATG-3′, respectively; and those for CD25 were 5′-ATGGCTGCAACCATGGAGAC-3′ and 5′-TCTGTTCCCGGCTTCTTACC-3′, respectively. β-Actin was used to normalize target gene expression, and forward and reverse primers for β-actin were 5′-ACG TTGCTATCCAGGCTGTG-3′ and 5′-CGCTCGGT GAGGATCTTCAT-3′, respectively. The 2^−ΔΔCt^ method was used for the calculation of relative mRNA expression.

Statistical analysis
--------------------

We used the Mann--Whitney test to compare the PD-1, CD28, CTLA-4, and CD25 mRNA levels in breast cancer patients with those in healthy controls. Student's *t*-test was used to evaluate the correlation between nutritional parameters and clinicopathological characteristics in breast cancer patients. The 103 breast cancer patients were divided into two groups (high and low) by the median value of each nutritional parameter. The Mann--Whitney test was then used to compare the mRNA levels of PD-1, CD28, CTLA-4, and CD25 in these two groups. Statistical Package for Social Sciences (SPSS), version 23.0 (IBM Corporation, Armonk, NY, USA), was used to analyze data. A *P*-value \<0.05 was considered statistically significant.

Results
=======

Patient characteristics
-----------------------

We enrolled 103 breast cancer patients with a median age of 51 (22--75) years. There were 73 invasive ductal carcinomas, eight invasive lobular carcinomas, 17 invasive carcinomas, and five malignant tumors with other pathological types. The numbers of patients with TNM stage I--IV were 11, 42, 11, and 39, respectively. There were 58 patients with tumor grades I and II and 18 with tumor grade III. Among the patients, 75 were ER+, 25 were ER−, 66 were PR+, 37 were PR−, 28 were Her-2+, and 75 were Her-2−.

Levels of nutritional parameters and mRNA expression of immune parameters
-------------------------------------------------------------------------

[Figure 1](#f1-ott-11-2131){ref-type="fig"} shows the numbers and proportions of patients whose nutritional parameters were less than the cut-off value. There were 58 (56%) patients with abnormal GLB, 57 (55%) patients with unusual AGR, and 22 (12%) patients with low ALB. Forty-nine (48%) patients had high BMI (≥25). There were only nine (9%) patients with low TP and Hb.

For PD-1 mRNA expression, healthy people showed a significant reduction compared with breast cancer patients (*P* = 0.019, [Figure 2A](#f2-ott-11-2131){ref-type="fig"}), and the mRNA levels of CD28, CTLA-4, and CD25 were significantly elevated in patients compared with healthy volunteers (*P* \< 0.001, [Figure 2B--D](#f2-ott-11-2131){ref-type="fig"}).

Association between nutritional parameters and clinicopathological characteristics
----------------------------------------------------------------------------------

The correlations between eight nutritional parameters and clinicopathological characteristics are shown in [Table 1](#t1-ott-11-2131){ref-type="table"}. In Stage IV breast cancer patients, TP was significantly decreased (72.08 ± 5.41 vs 74.54 ± 5.33, *P* = 0.024) compared with Stage I--III patients; ALB was reduced (41.23 ± 3.93 vs 44.71 ± 3.57, *P* = 0.001); AGR was diminished significantly (1.37 ± 0.26 vs 1.55 ± 0.39, *P* = 0.014); and Hb, PA, and PNI were all decreased (*P* \< 0.01). Patients with poor tumor differentiation had lower BMIs than the opposite group (24.14 ± 2.09 vs 25.66 ± 3.41, *P* = 0.025), and there were increased TP levels in PR− breast cancer patients compared with PR+ cases (75.13 ± 5.20 vs 72.83 ± 5.47, *P* = 0.036). No other significant correlation was found.

Correlation between nutritional parameters and expression of immune parameters
------------------------------------------------------------------------------

Patients with high GLB showed increased mRNA levels of PD-1 compared with those with low GLB, with a fold increase of 3.5 (*P* \< 0.05, [Figure 3A](#f3-ott-11-2131){ref-type="fig"}), whereas GLB was not significantly correlated with CD28, CTLA-4, or CD25 mRNA levels (*P* \> 0.05, [Figure 3A](#f3-ott-11-2131){ref-type="fig"}). Levels of PD-1, CD28, CTLA-4, and CD25 mRNA in the high-ALB group were not significantly different from those in the low-ALB group ([Figure 3B](#f3-ott-11-2131){ref-type="fig"}).

The fold change of PD-1 mRNA level was 5.2 in patients with low AGR compared with those with high AGR (*P* \< 0.05, [Figure 3C](#f3-ott-11-2131){ref-type="fig"}). In addition, decreased AGR was correlated with high CD25 mRNA levels, with a fold change of 3.3 (*P* \< 0.05, [Figure 3C](#f3-ott-11-2131){ref-type="fig"}). Patients with high TP showed no difference in the expression of PD-1, CD28, CTLA-4, or CD25 mRNA compared with the low-TP group ([Figure 3D](#f3-ott-11-2131){ref-type="fig"}). We found no significant correlation between other nutritional parameters, including PA, Hb, BMI, and PNI, and immune molecule levels ([Figure 4](#f4-ott-11-2131){ref-type="fig"}).

Discussion
==========

We demonstrated a 5.2-fold change in PD-1 and a 3.3-fold change in CD25 mRNA levels in patients with low AGR compared with those with high AGR. PD-1 mRNA levels were increased 3.5-fold in patients with high GLB compared with those with low GLB. Stage IV breast cancer patients had poor nutritional status, with lower ALB, AGR, TP, PA, Hb, and PNI values than Stage I--III patients. In addition, breast cancer patients showed higher expression of PD-1, CD28, CTLA-4, and CD25 mRNA than healthy volunteers.

Researchers believe that nutritional status affects innate and adaptive arms of our immune system. The nexus between nutrient metabolism and the immune system occurs at many levels, ranging from endocrine signaling to direct sensing of nutrients by immune cells.[@b25-ott-11-2131] In addition, quantitative and qualitative aspects of nutrition have a profound effect on leukocytes and thereby affect pro-inflammatory carcinogenic effects or anticancer immune responses. Targeted interventions with defined macro- and micronutrients can stimulate anticancer immunosurveillance.[@b26-ott-11-2131] Nutrients also affect immune cell development and function. For example, protein deficiency causes atrophy of primary and secondary lymphoid organs and affects several immune functions, such as lymphocyte proliferation (reduced numbers of both CD4^+^ and CD8^+^ T cells), antibody responses, and IL-2 and IFN-γ production.[@b27-ott-11-2131] Propionate, a nutrient, promotes the development of inflammatory monocytes that, in the lung tissue, differentiate into dendritic cells with an impaired ability to promote the shift of naïve T cells into Th2 cells.[@b28-ott-11-2131]

PD-1, a co-inhibitory molecule, is expressed on some immune cells, including CD8^+^ and CD4^+^ T cells, B cells, NK cells, and NK T cells.[@b29-ott-11-2131] After T cells are activated by tumor antigen, PD-1 is highly expressed and makes T cells exhausted, inhibiting their antitumor immunity.[@b30-ott-11-2131] Regarding the association between PD-1 and the survival of breast cancer patients, some studies found a negative prognostic role of PD-1+ tumor-infiltrating lymphocytes in breast cancer, while others suggested it had a favorable effect on patients' survival in Her-2-enriched breast cancer and breast cancer brain metastases.[@b31-ott-11-2131]--[@b34-ott-11-2131] Here, we found that PD-1 mRNA expression was increased in the peripheral blood of breast cancer patients when compared with healthy volunteers, which is consistent with previous studies.[@b34-ott-11-2131]--[@b37-ott-11-2131] More importantly, there was a 5.2-fold change in PD-1 mRNA levels in patients with low AGR compared with those with high AGR, and a 3.5-fold change in patients with high GLB compared with those with low GLB, consistent with the previous finding that GLB inhibits cell-mediated cytotoxicity and influences PD-1 expression.[@b38-ott-11-2131] However, further studies are needed to investigate the intrinsic mechanisms of the effect of GLB on PD-1/PD-L1 signaling.

CD25 (also known as interleukin-2 receptor alpha) is one of the interleukin-2 receptors, which combines with interleukin-2 to increase Foxp3 expression in CD4^+^ T cells.[@b39-ott-11-2131],[@b40-ott-11-2131] Previous studies demonstrated a negative effect of soluble CD25 on the survival of patients with acute lymphoblastic leukemia, diffuse large B-cell lymphoma, follicular B-cell non-Hodgkin lymphoma, and T-cell lymphoma.[@b40-ott-11-2131]--[@b43-ott-11-2131] Increased CD25 mRNA expression was found in the peripheral blood of breast cancer patients, consistent with previous findings in B-lineage acute lymphoblastic leukemia and T-cell lymphoma.[@b41-ott-11-2131],[@b43-ott-11-2131] Interestingly, we found a 3.3-fold change in CD25 mRNA levels in patients with low AGR compared with those with high AGR. The potential mechanisms are as follows. ALB may promote MHC II expression and T-cell activation, but inhibit CD25-dependent Foxp3+ T-cell activation.[@b16-ott-11-2131] However, GLB may activate CD25 expression and consequently increase CD4^+^ Foxp3+ T cells, which inhibit cell-mediated cytotoxicity.[@b18-ott-11-2131]

CTLA-4 is a co-inhibitory molecule expressed on T cells, B cells, and dendritic cells. CTLA-4 has a homostructure with co-stimulatory molecule CD28, which competes with CD28 for combining with B7 to inhibit the immune response.[@b30-ott-11-2131],[@b44-ott-11-2131] CTLA-4 also has an important role in the immunosuppressive function of regulatory T cells.[@b45-ott-11-2131] Previous studies showed that the presence of CTLA-4+ tumor-infiltrating lymphocytes was negatively correlated with the survival of patients with breast cancer, non-small-cell lung cancer, and esophageal carcinoma.[@b46-ott-11-2131]--[@b49-ott-11-2131] Here, we found that CTLA-4 and CD28 were highly expressed in the peripheral blood of breast cancer patients, indicating that a co-inhibitory signal may be activated. However, there was no correlation between CTLA-4 and nutritional parameters, which may mean there is no intrinsic mechanism between nutritional parameters and CD28/B7 signaling.

To the best of our knowledge, this is the first study to investigate the association between nutritional status and expression of immune checkpoint molecules in breast cancer patients. However, the study had several limitations. First, although we found a correlation between AGR and PD-1/CD25 mRNA levels, there was no experiment to explore the underlying mechanisms. Second, parameters of nutritional status and immune molecules may be influenced by antitumor treatments. Third, we did not detect immune markers on a protein basis.

Conclusion
==========

The present study showed that AGR is negatively correlated with PD-1 and CD25 mRNA levels, while GLB is positively associated with PD-1 mRNA levels, suggesting that nutritional status has an impact on immunity in breast cancer patients. This may support the use of a combination of nutritional treatment and checkpoint inhibitors to treat breast cancer patients.
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![Number and proportion of patients with abnormal nutritional status according to cut-off values of nutritional parameters.\
**Notes:** Abnormal states of nutritional parameters: GLB ≥30 g/L; ALB \<30 g/L; AGR \<1.5; TP \<65 g/L; PA \<200 mg/L; Hb \<110 g/L; BMI ≥25 kg/m^2^.\
**Abbreviations:** GLB, globulin; ALB, albumin; AGR, albumin/globulin ratio; TP, total protein; PA, pre-albumin; Hb, hemoglobin; BMI, body mass index.](ott-11-2131Fig1){#f1-ott-11-2131}

![Relative expression levels of (**A**) PD-1, (**B**) CD28, (**C**) CTLA-4, and (**D**) CD25 in the peripheral blood of BC patients and HVs.\
**Abbreviations:** PD-1, programmed cell death protein 1; CD28, cluster of differentiation 28; CTLA-4, cytotoxic T-lymphocyte antigen-4; CD25, cluster of differentiation 25; BC, breast cancer; HVs, healthy volunteers.](ott-11-2131Fig2){#f2-ott-11-2131}

![Correlation between relative expression levels of PD-1/CD28/CTlA-4/CD25 and levels of (**A**) GLB, (**B**) ALB, (**C**) AGR, and (**D**) TP.\
**Note:** \**P* \< 0.05. Symbols (squares, circles, triangles, and diamond) represent the expression levels of PD-1, CD28, CTLA-4, and CD25, respectively.\
**Abbreviations:** PD-1, programmed cell death protein 1; CD28, cluster of differentiation 28; CTLA-4, cytotoxic T-lymphocyte antigen-4; CD25, cluster of differentiation 25; GLB, globulin; ALB, albumin; AGR, albumin/globulin ratio; TP, total protein.](ott-11-2131Fig3){#f3-ott-11-2131}

![Association between relative expression levels of PD-1/CD28/CTLA-4/CD25 and levels of PA/Hb/BMI/PNI. Association between PD-1/CD28/CTLA-4/CD25 and (**A**) PA, (**B**) Hb, (**C**) BMI, and (**D**) PNI.\
**Note:** \**P* \< 0.05. Symbols (squares, circles, triangles, and diamond) represent the expression levels of PD-1, CD28, CTLA-4, and CD25, respectively.\
**Abbreviations:** PD-1, programmed cell death protein 1; CD28, cluster of differentiation 28; CTLA-4, cytotoxic T-lymphocyte antigen-4; CD25, cluster of differentiation 25; PA, pre-albumin; Hb, hemoglobin; BMI, body mass index; PNI, prognostic nutritional index.](ott-11-2131Fig4){#f4-ott-11-2131}

###### 

Correlation between nutritional parameters and clinicopathological characteristics in breast cancer patients

  Parameter               BMI (mean ± SD)   *P*-value   Hb               *P*-value   TP             *P*-value   ALB            *P*-value   GLB            *P*-value   AGR           *P*-value   PA               *P*-value   PNI *P*-value
  ----------------------- ----------------- ----------- ---------------- ----------- -------------- ----------- -------------- ----------- -------------- ----------- ------------- ----------- ---------------- ----------- ---------------
  Age (years)                               0.257                        0.161                      0.358                      0.465                      0.081                     0.109                        0.561       0.931
   ≤50                    24.69 ± 3.23                  130.54 ± 17.15               73.18 ± 5.07               43.71 ± 3.94               29.46 ± 4.29               1.54 ± 0.42               238.07 ± 49.50               51.27 ± 5.19
   \>50                   25.42 ± 3.37                  134.63 ± 12.11               74.16 ± 5.88               43.14 ± 4.19               31.02 ± 4.85               1.42 ± 0.27               231.26 ± 51.30               51.37 ± 6.03
  TNM stage                                 0.609                        **0.002**                  **0.024**                  **0.001**                  0.279                     **0.014**                    **0.003**   \<**0.001**
   I--III                 25.17 ± 3.32                  135.88 ± 13.74               74.54 ± 5.33               44.71 ± 3.57               29.84 ± 4.43               1.55 ± 0.39               250.85 ± 40.11               52.87 ± 4.97
   IV                     24.82 ± 3.31                  126.56 ± 15.53               72.08 ± 5.41               41.23 ± 3.93               30.85 ± 4.90               1.37 ± 0.26               215.85 ± 54.66               48.61 ± 5.60
  Tumor differentiation                     **0.025**                    0.803                      0.449                      0.930                      0.364                     0.666                        0.720       0.752
   Well                   25.66 ± 3.41                  131.77 ± 17.05               72.52 ± 6.04               43.06 ± 4.51               29.45 ± 4.16               1.51 ± 0.39               238.55 ± 52.15               50.75 ± 6.21
   Poor                   24.14 ± 2.09                  132.83 ± 10.30               73.67 ± 3.94               43.17 ± 3.71               30.50 ± 4.74               1.46 ± 0.33               232.23 ± 64.27               51.25 ± 4.66
  HER-2 status                              0.534                        0.130                      0.655                      0.969                      0.573                     0.555                        0.432       0.977
   Positive               25.37 ± 3.41                  136.10 ± 11.61               74.03 ± 4.46               43.41 ± 4.14               30.62 ± 3.89               1.45 ± 0.29               226.83 ± 58.65               51.34 ± 5.94
   Negative               24.92 ± 3.28                  131.14 ± 15.98               73.50 ± 5.82               43.45 ± 4.04               30.05 ± 4.87               1.50 ± 0.38               237.56 ± 47.37               51.31 ± 5.47
  ER status                                 0.467                        0.095                      0.109                      0.117                      0.605                     0.773                        0.429       0.212
   Positive               25.18 ± 3.38                  131.29 ± 16.46               73.13 ± 5.81               43.06 ± 4.17               30.06 ± 4.56               1.48 ± 0.37               237.48 ± 45.83               50.91 ± 5.72
   Negative               24.66 ± 3.11                  135.69 ± 9.81                75.03 ± 4.18               44.45 ± 3.59               30.59 ± 4.81               1.50 ± 0.32               226.47 ± 63.43               52.43 ± 5.10
  PR status                                 0.928                        0.213                      **0.036**                  0.209                      0.173                     0.672                        0.873       0.376
   Positive               25.02 ± 3.20                  131.32 ± 17.16               72.83 ± 5.47               43.07 ± 4.06               29.75 ± 4.31               1.49 ± 0.39               234.37 ± 46.36               50.96 ± 5.77
   Negative               25.08 ± 3.53                  134.61 ± 9.97                75.13 ± 5.20               44.11 ± 4.01               31.03 ± 5.06               1.46 ± 0.29               236.39 ± 58.78               51.96 ± 5.22
  Ki-67                                     0.883                        0.403                      0.098                      0.668                      0.113                     0.312                        0.404       0.688
   \<30%                  25.09 ± 3.01                  133.63 ± 14.11               72.82 ± 5.49               43.28 ± 4.33               29.54 ± 4.37               1.52 ± 0.42               239.92 ± 49.68               51.52 ± 5.96
    ≥30%                  24.99 ± 3.64                  131.18 ± 16.07               74.58 ± 5.35               43.62 ± 3.74               30.96 ± 4.81               1.45 ± 0.27               230.18 ± 50.70               51.09 ± 5.15

**Note:** Significant *P* \< 0.05 are shown in bold.

**Abbreviations:** BMI, body mass index; Hb, hemoglobin; TP, total protein; ALB, albumin; GLB, globulin; AGR, albumin/globulin ratio; PA, pre-albumin; PNI, prognostic nutritional index; TNM, tumor node metastasis; HER-2, human epidermal growth factor receptor-2; ER, estrogen receptor; PR, progesterone receptor.
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